While there is strong empirical evidence in the literature that, without interpolation, massed or distributed presentation of categorizable word pairs affects both storage and retrieval processes, theories of retroactive inhibition tacitly assume that presentation mode does not play a substantial role with interpolation. By means of Batchelder and Riefer's (1980) storage-retrieval model this supposition is examined for its empirical soundness. First to be discussed is whether with interpolation the presentation mode influences storage and retrieval in memory. The question of whether a distributed mode can induce storage loss is emphasized here. Second, it is to be discussed whether Batchelder and Riefer's (1980) two-factor hypothesis can be generalized to retroactive inhibition. This hypothesis postulates a smaller probability for storage and a larger probability for retrieval when categorizable word pairs are presented in a distributed manner.
Introduction
The inhibition in recall of material when other material presented at a later time is interpolated, is called retroactive inhibition. Modern theories of retroactive inhibition assume that the inhibition is essentially retrieval-based; that is, interfered items remain stored in memory. Indeed, a lot of data support retrieval-based theories of retroactive inhibition (Tulving and Psotka 1971; Riefer and Batchelder 1988) . However, in some studies there is evidence that interpolation can also cause storage loss (Cofer et al. 1971; Earhard 1976; Reynolds 1977) . Their data suggest that retrieval-based theories are at best a simplification.
In a number of studies the experimental method has involved the presentation of categorizable items in order to provide evidence on the role of storage and retrieval processes in this kind of interference paradigm (Tulving and Psotka 1971; Riefer and Batchelder 1988) . The items that belong to one category are usually presented massed, that is, with no intervening items between them. However, some studies demonstrate that, when no interpolated material is employed, the presentation mode of categorizable items can affect recall (Cofer et al. 1966; Borges and Mandler 1972; Glanzer 1969) . Batchelder and Riefer (1980) examine whether the presentation mode of categorizable items affects storage and retrieval processes, and whether it affects them differentially. They postulate a two-factor hypothesis: (i) storage of categorizable items is more likely when the items belonging to one category are presented massed; (ii) retrieval of categorizable items that are stored together is more likely when the items belonging to one category are presented in a distributed manner. Their data strongly support this hypothesis. There are several theoretical explanations for this empirical finding. For example, the better storage for the massed mode may be explained by a more effective organization of the categorizable items (D'Agostino 1969) , by an easier determination of the relevant principles of organization (Kintsch 1970) , or by an easier concept identification by means of forming word associations (Glanzer 1969) . The storage effect may also be explained by a two-store memory model (Atkinson and Shiffrin 1968) : in the massed mode the presentation of categorizable items induces their simultaneous presence in short-term store (rehearsal buffer), while in the distributed mode the same need not be true. To make things easier, suppose that categories are of extension two. In the distributed mode, to store a category's items as a cluster the presentation of the category's second item may have to serve as a cue to retrieve the category's first item from long-term store into short-term store. This retrieval, however, can fail preventing storage of these items as a cluster. This reduces the probability that a category's items are stored as a cluster in the distributed mode. The retrieval effect may be explained by the hypothesis that a distributed presentation of categorizable items enhances the number of nonredundant retrieval cues (Melton 1970) . This again may be caused by the usually smaller context overlap between categorizable items in the distributed mode (Raaijmakers and Shiffrin 1981) .
The effect of presentation mode on retroactive inhibition has been largely neglected. There seems to be neither an experiment in the literature nor any theory of retroactive inhibition that makes explicit statements about an influence of this factor. As a consequence, no clear predictions can be deduced about an influence of presentation mode. This current state reflects the supposition that presentation mode does not play any substantial role in retroactive inhibition. This supposition appears premature. On the one hand, the empirical results reviewed provide no evidence on this problem; in studies on retroactive inhibition categorizable words are usually presented massed. On the other hand, the empirical results reviewed suggest an important role of presentation mode in storage and retrieval processes. A priori it is therefore not at all clear whether the differences in storage and retrieval that are due to presentation mode remain constant when interpolated material is presented. In this article it is examined whether the neglect of presentation mode in retroactive inhibition is empirically justified.
A free recall experiment is reported with two independent experimental factors: interpolation level (1-5 lists presented) and presentation mode (massed versus distributed). The lists contain conceptually categorizable word pairs. By applying Batchelder and Riefer's (1980) storage-retrieval model, it is tested how these two factors influence storage and retrieval processes. First, for both presentation modes, it is tested whether interpolation affects storage and/or retrieval. Here the question is emphasized whether the distributed presentation of the categorizable items can induce storage loss. Second, for each level of interpolation, it is tested whether the storage and retrieval processes behave similarly across presentation modes. This test addresses the question of whether Batchelder and Riefer's (1980) two-factor hypothesis may be generalized to retroactive inhibition.
Method

Batchelder and Riefer's storage-retrieval model
The storage-retrieval model proposed by Riefer (1980, 1986) enables the separate measurement of a storage and a retrieval parameter. It is especially appropriate for an application to retroactive inhibition. For each level of interpolation the storage and the retrieval parameter are measured. Storage loss is diagnosed if the storage parameter declines with the number of interpolated lists, retrieval failure is diagnosed if the retrieval parameter declines with the number of interpolated lists. The model is formulated for the analysis of data from free recall experiments. The material consists of both categorizable item pairs and noncategorizable single items. The data of an experiment can be described by the following joint sample space: £ 1 -both items of a categorizable pair are recalled, adjacently; E 2 -both items of a categorizable pair are recalled, nonadjacently; £ 3 -one and only one item of a categorizable pair is recalled; E 4 -none of the items of a categorizable pair is recalled; Fj -a single item is recalled; F 2 -a single item is not recalled.
The pair observations are assumed to be independent and identically distributed over E t ( / = 1, 2, 3, 4). So they can be described by a multinomial distribution with the parameters p(E t \ where p{E t ) is interpreted as the probability of the occurrence of the event By the same principle, the observations falling into Fj (7 = 1, 2) are assumed to be independent and identically distributed. They can therefore be described by a binomial distribution with the parameters q(Fj\ where q(Fj) is interpreted as the probability of the occurrence of the event Fj. AL (Storage of clusters) A pair either is or is not stored as a cluster. Let c be the probability that a pair is stored as a cluster (0 < c < 1). A2. (Retrieval of clusters) If a pair is stored as a cluster, it either is or is not retrieved as a cluster. Let r be the conditional probability that a pair is recalled as a cluster, given that it is stored as a cluster (0 < r < 1).
A3. (Retrieval of nonclustered pairs)
If a pair is not stored as a cluster, each item either is or is not stored and retrieved independently. Let u be the probability that a nonclustered item is recalled (0 < u < 1). A4. (Recall of pairs) The retrieval of a cluster results in the adjacent recall of both category members (E l ), while the nonretrieval of a cluster leads to the nonrecall of both items (£ 4 ). The recall of a nonclustered pair results either in the recall of both items nonadjacently (E 2 ), or in the recall of one and only one item (£ 3 ), or in the recall of none of both items (E 4 ). A5. (Storage and retrieval of singles) Each single item either is or is not stored and retrieved; again, let u be the probability for this event. A6. (Recall of singles) If a single item is stored and retrieved, it is recalled (Fj), if not, it is not recalled (F 2 ).
These assumptions bear some strong implications. For example, it is implied that the parameters c, r, u are constant for all pairs and singles, respectively; it is implied that there are no interactions between pairs, singles or both; it is further implied that the parameters for the storage-and-retrieval of singles and the storage-and-retrieval of items of nonclustered pairs are identical (w); finally, it is implied that the three cognitive processes are all all-or-none-processes: there are no intermediate states. Note that A4 contains a simplification: it implicitly assumes that the adjacent recall of a pair can only be caused by a successful retrieval of a stored cluster, that is, it neglects the possibility of a chance adjacent recall. Note also that parameter r represents the combined result of two processes: accessing the cluster and recall of the items given access to the cluster. The model equations relating the data observations and the cognitive processes can be easily derived from the assumption of the model: />(£,) = cr; Note that the storage-retrieval model is not a model of retroactive inhibition. Instead it is a model to describe data from single experimental conditions. If the application of the model is successful it may serve as a measurement tool to examine hypotheses about storage and retrieval processes like in retroactive inhibition (see Statistical analysis for details).
From the resulting likelihood function of the model
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Subjects
One hundred psychology students at the University of Regensburg participated in the experiment. The subjects were randomly assigned to the experimental conditions. They were not paid for their participation, but received credit for fulfilling a degree requirement. None of the subjects had previous experience with free recall experiments.
Material and apparatus
The word material consisted of 125 items. 100 of these items were different conceptually categorizable pairs (for example, translated into English: apple-pear, rain-snow, cello-trombone, etc.). The remaining 25 items were so-called singles, that is, items that are not categorizable in an obvious manner, neither mutually nor with regard to the pairs. The pairs and the singles were largely taken from the categories of Battig and Montague (1969), although some categories not found in Battig and Montague were also included in the lists. On the other hand, some of their categories were ignored, because they are unusual to Germans. For every category we tried to take the two (pairs) or the one (singles) most prominent category word(s). The pairs were therefore highly associated. Furthermore, the words were selected to minimize the possibility of categorization in an alternative way, for example phonetically-visually (rhymes). The 125 items were randomly assigned to five lists under the restriction that in every list there were 10 pairs and 5 singles. So every list consisted of 25 items. There was a new random assignment of the items to the five lists after half of the subjects had participated in the experiment.
Design and procedure
There were two controlled experimental factors, interpolation level and presentation mode. The interpolation level varied from one presented list (no interpolation) to five presented lists. The presentation mode was either massed or distributed. The subjects were randomly assigned to the ten experimental conditions. Subjects were tested individually. At the beginning of each experimental session the items within a list were mixed randomly. For the massed mode this was done under the restriction that the pairs are presented with no intervening items, for the distributed mode there was no such restriction. The items were presented on the screen one at a time. They were presented at an exposure rate of 5 sec per item. After the presentation of a complete list subjects were given 90 sec to write down the 25 items from this list. After this recall period and a break of 60 sec, the session continued with the next list. After all of the lists had been presented, a final free recall test was given in which subjects attempted to recall the items from all of the previous lists. Subjects were given up to 5 minutes for this final written recall. The time intervals turned out to be sufficient for recall. Nearly all subjects were finished before time elapsed. The subjects were instructed to guess when they were not sure whether an item had been presented. They were to recall as many items as possible. This procedure is very similar to the experimental conditions employed by Tulving and Psotka (1971) and Riefer and Batchelder (1988) .
Statistical analysis
For all ten experimental conditions, the first list final recall was analyzed by means of Batchelder and Riefer's (1980) storage-retrieval model. First, it was tested whether the model fits the data sets from all the experimental conditions. This was done by means of a likelihood-ratio test. This test examines whether the model fits the experimental data equally well as the statistical multinomial model. The test is based on the well-known fact that, if the model is true, -2 In L c /L s is asymptotically distributed as a x 2_ran dom variable with degrees of freedom given by the number of parameters free to vary in the statistical parameter space minus the number of parameters free to vary in the model's parameter space (cf. Lindgren 1976 ). An a = 0.05 was selected.
If the model fitted the single data sets, for both presentation modes it was tested whether the parameters c, r and u could be assumed to be constant across interpolation levels. Again this was done by performing a likelihood-ratio test. Across all five interpolation levels it was tested whether a more restrictive model (c -const or r = const or u = const with 11 parameters respectively) fits the data as well as the unrestricted model (15 parameters). The test is quite analogous to the likelihood-ratio test examining the storage-retrieval model. Furthermore, for all five interpolation levels, it was tested whether the parameters c, r and u are identical across presentation modes. First, the constancy of parameter c was tested for variable parameters r and u (five parameters), then the constancy of parameter r was tested for variable parameters c and u (five parameters), and, finally, the constancy of parameter u was tested for variable parameters c and r (five parameters). In each case a likelihood-ratio test was conducted comparing the more restrictive models against the unrestricted model (six parameters). In all of these cases the parameters were estimated by numerical optimizations. Here the likelihood functions were optimized under the restriction that the parameters lie within the real interval [0, 1]. Tables 1 and 2 show the estimated probabilities (relative frequencies) -that is, the parameter estimations for the statistical multinomial model -for each observation category in the two presentation modes. As the number of interpolated lists is increased, for both modes of presentation the data show a decline in the probability that a pair is recalled with no intervening items (p(E l )) and an increase in the probability that a pair is not recalled at all (p(E 4 )). Also for both modes the data show a decline in the probability that a single is recalled {q{F x )) with increasing interpolation level. Moreover, there is hardly a difference between modes of presentation in the probability that the members of a pair are recalled nonadjacently (p(E 2 ))\ for both modes this probability is very small and fairly constant across interpolation levels. However, the data also differ in some respects. Both the decline in the probability that a pair is recalled adjacently (/?(£\)) and the increase in the probability that a pair is not recalled at all (p(E 4 )) are smaller for the massed mode than for the distributed mode. Finally, while the probability for the recall of just one word of a pair (p(E 3 )) remains fairly constant for the massed mode, it increases somewhat for the distributed mode. Thus these statistics suggest differences both between interpolation levels and between presentation modes. Table 3 shows the parameter estimations for c, r and u and the x 2 -values from the likelihood-ratio tests, comparing the storage-retrieval model with the statistical multinomial model for the massed mode. The storage-retrieval model has three parameters and describes four independent data observations. So the test is conducted with one degree of freedom. As can be seen, the fit of the model is excellent, with none of the data sets leading to a rejection of the model. show that the decline of parameter r is a statistically reliable effect reaching a value of X 2 (4) = 20.664; so r cannot be assumed to be constant. Parameter u appears to oscillate and to decrease slightly. However, the decline does not pass the level of significance (x 2 (4) = 7.068), so the parameter can be assumed to be constant. To test whether Batchelder and Riefer's two-factor hypothesis can be generalized to retroactive inhibition the two presentation modes are compared. At each interpolation level it is tested whether the parameters c and r can be assumed to be identical across presentation modes. Table 5 shows the x 2 -values resulting from the respective likelihood-ratio tests. For four of the five interpolation levels constancy of parameter c has to be rejected. Only for the two-list condition the constancy of the parameter can be assumed; however, note that for this condition the fit of the model is not as good as for the other conditions (compare above). The analysis of parameter r leads to completely different results. For four of the five interpolation levels the constancy of the parameter need not be rejected. It is only the one-list condition that cannot be described using the same r for both presentation modes. So the theoretical description of the one-list condition requires different sets of c's and r's to account for the two presentation modes, while for the two-list condition the same set would do. The conditions in which three, four and five lists have been presented can be described with an identical r, however, all three need different variables c to handle the two presentation modes. So the difference between massed and distributed presentation of word pairs is mainly reflected in the storage parameter c and hardly in the retrieval parameter r.
Results
DISTRIBUTED MODE
Discussion
For the massed mode the data analysis shows that all five interpolation levels can be described excellently by the storage-retrieval model. This result is in accordance with that of Riefer and Batchelder (1988) . Thus the model's parameter estimates can be used to examine the effect of interpolation on storage and retrieval processes. Retrieval-based theories of retroactive inhibition assume no storage loss due to interpolation. In the context of the storage-retrieval model this assumption is identical with the restriction of the storage parameter to be independent of interpolation level. Indeed the respective likelihood-ratio tests support this assumption: the storage parameter shows no reliable variations with interpolation level. The same is not true for the retrieval parameter that declines with interpolation levels. This result suggests a retrieval failure. So, with categorizable items being presented in a massed fashion, interpolation leads to a retrieval failure while there is no storage loss. This result agrees with Riefer and Batchelder's (1988) data and with the conclusions drawn by Tulving and Psotka (1971) . It is in accordance with retrieval-based theories of retroactive inhibition.
For the distributed mode the data sets are also quite well described by the storage-retrieval model. Only for the two-list condition do the data slightly deviate from the model's predictions. In contrast to the massed mode, in the distributed presentation mode neither the storage parameter nor the retrieval parameter can be assumed to be constant across interpolation levels. The strong decline of the retrieval parameter suggests a retrieval failure as the number of presented lists is increased. While the storage parameter is relatively constant for the first three interpolation levels, there is an abrupt decrease with the fourth interpolation level. This pattern suggests a storage loss. Thus in case of a distributed presentation retroactive inhibition results in both a retrieval failure and a storage loss. This result is in conflict with retrieval-based theories.
In an experiment that did not employ interpolated material, Batchelder and Riefer (1980) found presentation mode to affect storage and retrieval processes in the way summarized in their two-factor hypothesis. The present data confirm this hypothesis: in the respective likelihood-ratio tests the storage parameter is larger and the retrieval parameter is smaller in the massed versus the distributed presentation mode. With respect to storage this result can be generalized to interpolation: the likelihood-ratio tests show that for all five interpolation levels there is a greater storage parameter for the massed than for the distributed mode. The same does not hold with respect to retrieval. The tests find no reliable differences in the retrieval parameters when the two presentation modes are compared at the respective interpolation levels. This result suggests that, with interpolation, there is no difference in retrieval between presentation modes. Thus the better retrievability for the distributed mode found for the non-interpolation condition cannot be generalized to interpolation. Batchelder and Riefer's (1980) two-factor hypothesis therefore cannot be generalized to retroactive inhibition. Instead, under conditions of retroactive inhibition it reduces to a one-factor hypothesis describing the effect of presentation mode on storage processes. The strength of this effect again is a function of interpolation level.
The present results demonstrate that the presentation mode affects storage processes in retroactive inhibition: in the massed mode there is no storage loss, the distributed mode induces some storage loss. This is a rather surprising result. It reveals that the supposition that presentation mode does not affect retroactive inhibition does not hold empirically.
The question arises, what is actually happening with clusters that are 'lost' from the memory store. By applying the storage-retrieval model the present data suggest an answer to this question. For the distributed mode the results show that, for interpolation levels four and five, some clusters are lost, that is, some pairs that have been clustered in lower interpolation levels are no longer stored as a cluster in memory. In the storage-retrieval model the items from these lost clusters are handled in just the same way as singles and items from pairs that are not clustered: they are all handled by parameter u. If this restriction is not true empirically, the storage-retrieval model will not fit the data demanding different parameters for these kinds of items. However, this is not what has been found in the likelihood-ratio tests; the tests do not give rise to a separate theoretical handling of these items. As a consequence, there is no reason to assume that items from lost clusters behave differently than singles or items from pairs that are not clustered. This suggests, at least as a first approximation, that the fate of a lost cluster simply is to decay into its single items.
The next question that arises is how the distributed mode might induce such a decay. The better storage in the massed mode without interpolation has been explained by an easier concept identification, an easier determination of the relevant principles of organization, or a more effective organization of the categorizable items. By means of a two-store memory model the same effect has been explained by a possible retrieval failure between categorizable items in distributed mode. The storage loss in the distributed mode may also be explained by means of a two-store memory model. In the distributed mode the retrieval of a category's first item from long-term store when the category's second item is presented usually will not be immediate. If we take the amount of information stored about these two items to be proportional to the time that the two items are simultaneously present in the rehearsal buffer (Raaijmakers and Shiffrin 1981) , there should be a smaller interitem associative strength in the distributed mode than in the massed mode. In addition, the smaller context overlap of the category's items in the distributed mode may further enhance the difference in interitem associative strength between the two modes. Suppose that for every cluster there is some probability of decay into its singles, and suppose that this probability is a negative function of the interitem associative strength. Then we would expect a greater probability for a cluster's decay in the distributed mode than in the massed mode. This pattern is suggested in the data.
Without interpolation, presentation mode affects retrieval processes. This pattern does not hold in retroactive inhibition: with interpolation no differences in retrieval can be found across presentation modes. The more complete retrieval in the distributed mode without interpolation may be explained by an enhancement of the number of nonredundant cues. Because the nonredundant cues are also exposed to a retrieval failure with interpolation the above explanation leads to the expectation that the more complete retrieval for the distributed mode should gradually become smaller and smaller with interpolation. This pattern is at least roughly present in the data, although the decline may be somewhat faster than expected. However, note that parameter r reflects a conditional probability depending on parameter c, and that its estimates therefore are not as good as for parameter c. The power to detect differences about r is also lower than the power to detect differences about c (Riefer and Batchelder 1990) .
For the present examination parameter u of the storage-retrieval model is not of strong interest because it confounds storage and retrieval processes for singles and not clustered items, while here we are mainly interested in the effect of presentation mode on storage and retrieval processes. In addition, the presentation of singles and items that are not clustered is not all contingent upon presentation mode. One would therefore expect this parameter to be constant across presentation modes. At first sight this expectation seems to be violated: while the likelihood-ratio tests have found u to be constant for the massed mode, for the distributed mode they have found u to decline significantly. However, a direct comparison of the single interpolation levels across presentation modes reveals that the difference across modes is not significant (table 5): for none of the five interpolation levels the assumption of a constant u has to be rejected. Although for levels three and five the difference is almost significant, the pattern as a whole does not support the assumption of a systematic difference. Thus, as expected, parameter u can be assumed to be constant across presentation modes.
The storage-retrieval model does an excellent job in fitting the single data sets. Although it is not a model of retroactive inhibition, it is a very useful tool for theorizing about storage and retrieval processes. One of its main advantages is that it enables a separate analysis of storage and retrieval processes. Storage loss and retrieval failure can be defined in a natural way. Using conventional statistics the same cannot be achieved with the same elegancy. The use of conventional statistics Table 6 Conventional statistics for massed mode and distributed mode: P{c) -probability for an item to be recalled, /'(cat) -probability for a category to be recalled, IPC -probability for an item to be recalled when its category is recalled. is also less well founded and can, as Riefer and Batchelder (1988) show, lead to wrong implications about storage and retrieval processes (I have conducted some not yet published experiments where this is indeed the case). Nevertheless, with the present data the usage of conventional statistics would suggest roughly the same conclusions as have been derived by means of the storage-retrieval model (table 6) . So the decline in the probability of a category to be recalled (P(cat)) agrees very well with the decline in the retrieval parameter r, while the constant (declining) probability of an item to be recalled when its category is recalled (IPC) for the massed (distributed) mode agrees at least roughly with the respective constancy (decline) of the storage parameter c. This agreement between the storage-retrieval model and the conventional statistics, however, was not guaranteed a priori. Finally, note that the pattern of results with respect to the storage processes is much clearer with the storage-retrieval model than by using conventional statistics.
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